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Fig. 3 
2nd strand cDNA synthesis on 1st strand cDNA by a primer that has a ?rst portion that 
hybridizes to the variable region of an antibody gene and a second portion with a 
predetermined sequence 
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ENGINEERED TEMPLATES AND THEIR 
USE IN SINGLE PRIMER AMPLIFICATION 

RELATED APPLICATIONS 

This application claims priority to US. Provisional Appli 
cation No. 60/323,455 ?led Sep. 19, 2001. 

TECHNICAL FIELD 

This disclosure relates to engineered templates useful for 
ampli?cation of a target nucleic acid sequence. More spe 
ci?cally, templates Which are engineered to contain comple 
mentary sequences at opposite ends thereof are provided by 
a nested oligonucleotide extension reaction (NOER). The 
engineered template alloWs Single Primer Ampli?cation 
(SPA) to amplify a target sequence Within the engineered 
template. In particularly useful embodiments, the target 
sequences from the engineered templates are cloned into 
expression vehicles to provide a library of polypeptides or 
proteins, such as, for example, an antibody library. 

BACKGROUND OF RELATED ART 

Methods for nucleic acid ampli?cation and detection of 
ampli?cation products assist in the detection, identi?cation, 
quanti?cation and sequence analysis of nucleic acid 
sequences. Nucleic acid ampli?cation is an important step in 
the construction of libraries from related genes such as, for 
example antibodies. These libraries can be screened for 
antibodies having speci?c, desirable activities. Nucleic acid 
analysis is important for detection and identi?cation of 
pathogens, detection of gene alteration leading to de?ned 
phenotypes, diagnosis of genetic diseases or the suscepti 
bility to a disease, assessment of gene expression in devel 
opment, disease and in response to de?ned stimuli, as Well 
as the various genome projects. Other applications of 
nucleic acid ampli?cation method include the detection of 
rare cells, detection of pathogens, and the detection of 
altered gene expression in malignancy, and the like. Nucleic 
acid ampli?cation is also useful for qualitative analysis 
(such as, for example, the detection of the presence of 
de?ned nucleic acid sequences) and quanti?cation of de?ned 
gene sequences (useful, for example, in assessment of the 
amount of pathogenic sequences as Well as the determina 
tion of gene multiplication or deletion, and cell transforma 
tion from normal to malignant cell type, etc.). The detection 
of sequence alterations in a nucleic acid sequence is impor 
tant for the detection of mutant genotypes, as relevant for 
genetic analysis, the detection of mutations leading to drug 
resistance, pharmacogenomics, etc. 

There are many variations of nucleic acid ampli?cation, 
for example, exponential ampli?cation, linked linear ampli 
?cation, ligation-based ampli?cation, and transcription 
based ampli?cation. One example of exponential nucleic 
acid ampli?cation method is polymerase chain reaction 
(PCR) Which has been disclosed in numerous publications. 
See, for example, Mullis et al. Cold Spring Harbor Symp. 
Quant. Biol. 51:263-273 (1986); Mullis K. EP 201,184; 
Mullis et al. US. Pat. No. 4,582,788; Erlich et al. EP 50,424, 
EP 84,796, EP 258,017, EP 237,362; and Saiki R. et al. US. 
Pat. No. 4,683,194. In fact, the polymerase chain reaction 
(PCR) is the most commonly used target ampli?cation 
method. PCR is based on multiple cycles of denaturation, 
hybridization of two different oligonucleotide primers, each 
to opposite strand of the target strands, and primer extension 
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2 
by a nucleotide polymerase to produce multiple double 
stranded copies of the target sequence. 

Ampli?cation methods that employ a single primer, have 
also been disclosed. See, for example, US. Pat. Nos. 5,508, 
178; 5,595,891; 5,683,879; 5,130,238; and 5,679,512. The 
primer can be a DNA/RNA chimeric primer, as disclosed in 
US. Pat. No. 5,744,308. 
Some ampli?cation methods use template sWitching oli 

gonucleotides (TSOs) and blocking oligonucleotides. For 
example, a template sWitch ampli?cation in Which chimeric 
DNA primer are utilized is disclosed in US. Pat. Nos. 
5,679,512; 5,962,272; 6,251,639 and by Patel et al. Proc. 
Natl. Acad. Sci. USA. 93:2969-2974 (1996). 
HoWever the previously described target ampli?cation 

methods have several drawbacks. For example, the tran 
scription base ampli?cation methods, such as Nucleic Acid 
Sequence Based Ampli?cation (NASBA) and transcription 
mediated ampli?cation (TMA), are limited by the need for 
incorporation of the polymerase promoter sequence into the 
ampli?cation product by a primer, a process prone to result 
in non-speci?c ampli?cation. Another example of a draW 
back of the current ampli?cation methods is the requirement 
of tWo binding events Which may have optimal binding at 
different temperatures as Well as the use of primers contain 
ing naturally occurring sequences. This combination of 
factors results in increased likelihood of mis-priming and 
resultant ampli?cation of sequences other than the target 
sequence. 

Therefore, there is a need for improved nucleic acid 
ampli?cation methods that overcome these draWbacks. The 
invention provided herein ful?lls this need and provides 
additional bene?ts. 

SUMMARY 

Novel methods of amplifying nucleic acid have noW been 
discovered Which include the steps of: a) annealing a primer 
to a template nucleic acid sequence, the primer having a ?rst 
portion Which anneals to the template and a second portion 
of predetermined sequence; b) synthesizing a polynucleotide 
that anneals to and is complementary to the portion of the 
template betWeen the location at Which the ?rst portion of 
the primer anneals to the template and the end of the 
template, the polynucleotide having a ?rst end and a second 
end, Wherein the ?rst end incorporates the primer; c) sepa 
rating the polynucleotide synthesized in step (b) from the 
template; d) annealing a nested oligonucleotide to the sec 
ond end of the polynucleotide synthesized in step (b), the 
nested oligonucleotide having a ?rst portion that anneals to 
the second end of the polynucleotide and a second portion 
having the same predetermined sequence as the second 
portion of the primer; e) extending the polynucleotide syn 
thesized in step (b) to provide a terminal portion thereof that 
is complementary to the predetermined sequence; and f) 
amplifying the extended polynucleotide using a single 
primer having the predetermined sequence. 

In an alternative embodiment, the method includes the 
steps of a) annealing a primer and a boundary oligonucle 
otide to a template nucleic acid sequence, the primer having 
a ?rst portion Which anneals to the template and a second 
portion of predetermined sequence; b) synthesizing a poly 
nucleotide that anneals to and is complementary to the 
portion of the template betWeen the location at Which the 
?rst portion of the primer anneals to the template and the 
portion of the template to Which the boundary oligonucle 
otide anneals, the polynucleotide having a ?rst end and a 
second end, Wherein the ?rst end incorporates the primer; c) 
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separating the polynucleotide synthesized in step (b) from 
the template; d) annealing a nested oligonucleotide to the 
second end of the polynucleotide synthesized in step (b), the 
nested oligonucleotide having a ?rst portion that anneals to 
the second end of the polynucleotide and a second portion 
having the same predetermined sequence as the second 
portion of the primer; e) extending the polynucleotide syn 
thesized in step (b) to provide a terminal portion thereof that 
is complementary to the predetermined sequence; and f) 
amplifying the extended polynucleotide using a single 
primer having the predetermined sequence. 

It is also contemplated that a engineered nucleic acid 
strand having a predetermined sequence at a ?rst end thereof 
and a sequence complementary to the predetermined 
sequence at the other end thereof is itself a novel aspect of 
this disclosure. 

In another aspect, this disclosure provides a neW method 
of amplifying a nucleic acid strand that includes the steps of 
providing an engineered nucleic acid strand having a pre 
determined sequence at a ?rst end thereof and a sequence 
complementary to the predetermined sequence at the other 
end thereof; and contacting the engineered nucleic acid 
strand With a primer having the predetermined sequence in 
the presence of a polymerase and nucleotides under condi 
tions suitable for polymerization of the nucleotides. 

The ampli?cation processes and engineered templates 
described herein can be used to prepare ampli?ed products 
that can be ligated into a suitable expression vector. The 
vector may then be used to transform an appropriate host 
organism using standard methods to produce the polypeptide 
or protein encoded by the target sequence. In particularly 
useful embodiments, the techniques described herein are 
used to amplify a family of related sequences to build a 
complex library, such as, for example an antibody library. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic illustration of a primer and boundary 
oligo annealed to a template; 

FIG. 2A is a schematic illustration of a restriction oligo 
annealed to a nucleic acid strand; 

FIG. 2B is a schematic illustration of a primer annealed to 
a template that has a shortened 5' end; 

FIG. 3 is a schematic illustration of an alternate embodi 
ment Wherein multiple rounds of polymerization are per 
formed and a restriction oligonucleotide is annealed to the 
neWly synthesized strands, rather than to the original tem 
plate; 

FIG. 4 is a schematic illustration of a nested oligo 
annealed to a neWly synthesized nucleic acid strand; 

FIG. 5 is a schematic illustration of an engineered tem 
plate in accordance With this disclosure; 

FIG. 6 is a schematic illustration of the single primer 
ampli?cation of an engineered template; 

FIG. 7 shoWs the sequence of the nested oligo designated 
TMX24CMnpt; 

FIGS. 8a-e shoW the sequences of isolated Fabs produced 
in Example 3; and 

FIGS. 9a-d shoW the sequences of isolated Fabs produced 
in Example 5. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present disclosure provides a method of amplifying a 
target nucleic acid sequence. In particularly useful embodi 
ments, the target nucleic acid sequence is a gene encoding a 
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4 
polypeptide or protein. The disclosure also describes hoW 
the products of the ampli?cation may be cloned and 
expressed in suitable expression systems. In particularly 
useful embodiments, the techniques described herein are 
used to amplify a family of related sequences to build a 
complex library, such as, for example an antibody library. 
The target nucleic acid sequence is exponentially ampli 

?ed through a process that involves only a single primer. The 
ability to employ a single primer (i.e., Without the need for 
both forWard and reverse primers each having different 
sequences) is achieved by engineering a strand of nucleic 
acid that contains the target sequence to be ampli?ed. The 
engineered strand of nucleic acid (sometimes referred to 
herein as the “engineered template”) is prepared from tWo 
templates; namely, 1) a starting material that is a natural or 
synthetic nucleic acid (e.g., DNA or cDNA) containing the 
sequence to be ampli?ed and 2) a nested oligonucleotide. 
The starting material can be considered the original tem 
plate. The nested oligonucleotide is used as a template to 
extend the nucleotide sequence of the original template 
during creation of the engineered strand of nucleic acid. The 
engineered strand of nucleic acid is created from the original 
template by a series of manipulations that result in the 
presence of complementary sequences at opposite ends 
thereof. It is these complementary sequences that alloW 
ampli?cation using only a single primer. 
Any nucleic acid, in puri?ed or nonpuri?ed form, can be 

utilized as the starting material for the processes described 
herein provided it contains or is suspected of containing the 
target nucleic acid sequence to be ampli?ed. Thus, the 
starting material employed in the process may be, for 
example, DNA or RNA, including messenger RNA, Which 
DNA or RNA may be single stranded or double stranded. In 
addition, a DNA-RNA hybrid Which contains one strand of 
each may be utilized. Amixture of any of these nucleic acids 
may also be employed, or the nucleic acids produced from 
a previous ampli?cation reaction herein using the same or 
different primers may be utilized. The target nucleic acid 
sequence to be ampli?ed may be a fraction of a larger 
molecule or can be present initially as a discrete molecule. 
The starting nucleic acid may contain more than one desired 
target nucleic acid sequence Which may be the same or 
different. Therefore, the present process may be useful not 
only for producing large amounts of one target nucleic acid 
sequence, but also for amplifying simultaneously more than 
one different target nucleic acid sequence located on the 
same or different nucleic acid molecules. 
The nucleic acids may be obtained from any source, for 

example: genomic or cDNA libraries, plasmids, cloned DNA 
or RNA, or from natural DNA or RNA from any source, 
including bacteria, yeast, viruses, and higher organisms such 
as plants or animals. The nucleic acids can be naturally 
occurring or may be synthetic, either totally or in part. 
Techniques for obtaining and producing the nucleic acids 
used in the present invention are Well knoWn to those skilled 
in the art. If the nucleic acid contains tWo strands, it is 
necessary to separate the strands of the nucleic acid before 
it can be used as the original template, either as a separate 
step or simultaneously With the synthesis of the primer 
extension products. Additionally, if the starting material is 
?rst strand DNA, second strand DNA may advantageously 
be created by processes Within the purvieW of those skilled 
in the art and used as the original template from Which the 
engineered template is created. 

First strand cDNA is a particularly useful original tem 
plate for the present methods. Suitable methods for gener 
ating DNA templates are knoWn to and readily selected by 
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those skilled in the art. In a preferred embodiment, I“ strand 
cDNA is synthesized in a reaction Where reverse tran 
scriptase catalyzes the synthesis of DNA complementary to 
any RNA starting material in the presence of an oligode 
oxynucleotide primer and the four deoxynucleoside triph 
osphates, dATP, dGTP, dCTP, and TTP. The reaction is 
initiated by annealing of the oligo-deoxynucleotide primer 
to the 3' end of mRNA folloWed by stepWise addition of the 
appropriate deoxynucleotides as determined by base pairing 
relationships With the mRNA nucleotide sequence, to the 3' 
end of the groWing chain. As those skilled in the art Will 
appreciate, all mRNA in a sample can be used to generate 
?rst strand cDNA through the annealing of oligo dT to the 
polyA tail of the mRNA. 

Once the original template is obtained, a primer 20 and a 
boundary oligonucleotide 30 are annealed to the original 
template 10. (See FIG. 1.) A strand of nucleic acid comple 
mentary to the portion of the original template beginning at 
the 3' end of the primer up to about the 5' end of the 
boundary oligonucleotide is polymerized. 

The primer 20 that is annealed to the original template 
includes a ?rst portion 22 of predetermined sequence that 
preferably does not anneal to the original template and a 
second portion 25 that anneals to the original template, and 
optionally includes a restriction site 23 betWeen the ?rst and 
second portions. The primer anneals to the original template 
adjacent to the target sequence 12 to be ampli?ed. It is 
contemplated that the primer can anneal to the original 
template upstream of the target sequence to be ampli?ed, or 
that the primer may overlap the beginning of the target 
sequence 12 to be ampli?ed as shoWn in FIG. 1. The 
predetermined sequence of the non-annealing portion 22 of 
the primer is not native in the original template and is 
selected so as to provide a sequence to Which the single 
primer used during the ampli?cation process can hybridize 
as described in detail beloW. Optionally, the predetermined 
sequence may include a restriction site useful for insertion of 
a portion of the engineered template into an expression 
vector as described more fully hereinbeloW. 

The boundary oligonucleotide 30 that is annealed to the 
original template serves to terminate polymerization of the 
nucleic acid. Any oligonucleotide capable of terminating 
nucleic acid polymerization may be utilized as the boundary 
oligonucleotide 30. In a preferred embodiment the boundary 
oligonucleotide includes a ?rst portion 35 that anneals to the 
original template 10 and a second portion 32 that is not 
susceptible to an extension reaction. Techniques to prevent 
the boundary oligo from acting as a site for extension are 
Within the purvieW of one skilled in the art. By Way of 
example, portion 32 of the boundary oligo 30 may be 
designed so that it does not anneal to the original template 
10 as shoWn in FIG. 1. In such embodiments, the boundary 
oligonucleotide 30 prevents further polymerization but does 
not serve as a primer for nucleic acid synthesis because the 
3' end thereof does not hybridize With the original template 
10. Alternatively, the 3' end of the boundary oligo 30 might 
be designed to include locked nucleic acid to achieve the 
same effect. Locked nucleic acid is disclosed for example in 
WO 99/ 14226, the contents of Which are incorporated herein 
by reference. Those skilled in the art Will envision other 
Ways of ensuring that no extension of the 3' end of the 
boundary oligo occurs. 

Primers and oligonucleotides described herein may be 
synthesized using established methods for oligonucleotide 
synthesis Which are Well knoWn in the art. Oligonucleotides, 
including primers of the present invention include linear 
oligomers of natural or modi?ed monomers or linkages, 
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such as deoxyribonucleotides, ribonucleotides, and the like, 
Which are capable of speci?cally binding to a target poly 
nucleotide by Way of a regular pattern of monomer-to 
monomer interactions such as Watson-Crick base pairing. 
Usually monomers are linked by phosphodiester bonds or 
their analogs to form oligonucleotides ranging in size from 
a feW monomeric units e.g., 3-4, to several tens of mono 
meric units. A primer is typically single-stranded, but may 
be double-stranded. Primers are typically deoxyribonucleic 
acids, but a Wide variety of synthetic and naturally occurring 
primers knoWn in the art may be useful for the methods of 
the present disclosure. A primer is complementary to the 
template to Which it is designed to hybridize to serve as a site 
for the initiation of synthesis, but need not re?ect the exact 
sequence of the template. In such a case, speci?c hybrid 
ization of the primer to the template depends on the strin 
gency of the hybridization conditions. Primers may be 
labeled With, e.g., chromogenic, radioactive, or ?uorescent 
moieties and used as detectable moieties. 

Polymerization of nucleic acid can be achieved using 
methods knoWn to those skilled in the art. Polymerization is 
generally achieved enzymatically, using a DNA polymerase 
Which sequentially adds free nucleotides according to the 
instructions of the template. Several different DNA poly 
merases are suitable for use in the present process. In a 
certain embodiments, the criteria for selection includes lack 
of exonuclease activity or DNA polymerases Which do not 
possess a strong exonuclease. DNA polymerases With loW 
exonuclease activity for use in the present process may be 
isolated from natural sources or produced through recom 
binant DNA techniques. Illustrative examples of poly 
merases that may be used, are, Without limitation, T7 
Sequenase v. 2.0, the KlenoW Fragment of DNA polymerase 
I lacking exonuclease activity, the KlenoW Fragment of Taq 
Polymerase, exo.-Pfu DNA polymerase, Vent. (exo.-) DNA 
polymerase, and Deep Vent. (exo-) DNA polymerase. 

In a particularly useful embodiment, the use of a boundary 
oligonucleotide is avoided by removing unneeded portions 
of the starting material by digestion. In this embodiment, 
Which is shoWn schematically in FIG. 2A, a restriction 
oligonucleotide 70 is annealed to the starting material 100 at 
a preselected location. The restriction oligonucleotide pro 
vides a double stranded portion on the starting material 
containing a restriction site 72. Suitable restriction sites, 
include, but are not limited to Xho I, Spe I, Nhel, Hind III, 
Nco I, Xma I, Bgl II, Bst I, and Pvu I. Upon exposure to a 
suitable restriction enzyme, the starting material is digested 
and thereby shortened to remove unnecessary sequence 
While preserving the desired target sequence 12 (or portion 
thereof) to be ampli?ed on What Will be used as the original 
template 110. Once the original template 110 is obtained, a 
primer 20 is annealed to the original template 110 (see FIG. 
2B) adjacent to or overlapping With the target sequence 12 
as described above in connection With previous embodi 
ments. A strand of nucleic acid 40 complementary to the 
portion of the original template betWeen the 3' end of the 
primer 20 and the 5' end of the original template 110 is 
polymerized. As those skilled in the art Will appreciate, in 
this embodiment Where a restriction oligonucleotide is 
employed to generate the original template, there is no need 
to use a boundary oligonucleotide, because primer extension 
can be alloWed to proceed all the Way to the 5' end of the 
shortened original template 110. 
Once polymerization is complete (i.e., groWing strand 40 

reaches the boundary oligonucleotide 30 or the 5' end of the 
shortened original template 110), the neWly synthesized 
complementary strand is separated from the original tem 
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plate by any suitable denaturing method including physical, 
chemical or enzymatic means. Strand separation may also be 
induced by an enzyme from the class of enzymes known as 
helicases or the enzyme RecA, which has helicase activity 
and in the presence of riboATP is known to denature DNA. 
The reaction conditions suitable for separating the strands of 
nucleic acids with helicases are described by Cold Spring 
Harbor Symposia on Quantitative Biology, Vol. XLIII 
“DNA: Replication and Recombination” (New York: Cold 
Spring Harbor Laboratory, 1978), B. Kuhn et al., “DNA 
Helicases”, pp. 63-67, and techniques for using RecA are 
reviewed in C. Radding, Ann. Rev. Genetics, 16:405-37 
(1982). 
The newly synthesized complementary strand thus 

includes sequences provided by the primer 20 (e.g., the 
predetermined sequence 22, the optional restriction site 23 
and the annealing portion 25 of the primer) as well as the 
newly synthesized portion 45 that is complementary to the 
portion of the original template 10 between the location at 
which the primer 20 was annealed to the original template 10 
and either the portion of the original template 10 to which 
the boundary oligonucleotide 30 was annealed or the short 
ened 5' end of the original template. See FIG. 4. 

Optionally, multiple rounds of polymerization (prefer 
ably, 15-25 rounds) using the original template and a primer 
are performed to produce multiple copies of the newly 
synthesized complementary strand for use in subsequent 
steps. Making multiple copies of the newly synthesized 
complementary strand at this point in the process (instead of 
waiting until the entire engineered template is produced 
before amplifying) helps ensure that accurate copies of the 
target sequence are incorporated into the engineered tem 
plates ultimately produced. It is believed that multiple 
rounds of polymerization based on the original template 
provides a greater likelihood that a better representation of 
all members of the library will be achieved, therefore 
providing greater diversity compared to a single round of 
polymerization. 

In an alternative embodiment, newly synthesized strands 
are produced by annealing primer 20 as described above to 
original template 10 and performing multiple rounds of 
polymerization, without either the presence of a blocking 
oligonucleotide or removing a portion of the original tem 
plate. In this embodiment, which is shown schematically in 
FIG. 3, the primer is extended along the full length of the 
original template to provide a full length newly synthesized 
strand 140. Next, a restriction oligonucleotide 170 is hybrid 
ized to the full length newly synthesized strand. The restric 
tion oligonucleotide provides a double stranded portion on 
the newly synthesized strand containing a restriction site. 
Suitable restriction sites, include, but are not limited to Xho 
I, Spe I, Nhe1, Hind III, Nco I, Xma I, Bgl II, Bst I, Pvu I, 
Xcm I, Bsa] I, Hpa I, ApaL I, Sac I, Dra III and Sma I. Upon 
exposure to a suitable restriction enzyme, the newly syn 
thesized strand is digested and thereby shortened. A nested 
oligonucleotide 50 can then be hybridized to the shortened 
newly synthesized strand 142 to complete preparation of the 
engineered template, as described in more detail below. 

The next step in preparing the engineered template 
involves annealing a nested oligonucleotide 50 to the 3' end 
of the newly synthesized complementary strand, for 
example as shown in FIG. 4. As seen in FIG. 4, the nested 
oligonucleotide 50 provides a template for further polymer 
ization necessary to complete the engineered template. 
Nested oligonucleotide 50 includes a portion 52 that does 
not hybridize and/or includes modi?ed bases to the newly 
synthesized complementary strand, thereby preventing the 
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nested oligonucleotide from serving as a primer. Nested 
oligonucleotide 50 also includes a portion 55 that hybridizes 
to the 3' end of the newly synthesized complementary strand. 
Portion 55 may be coterminous with newly synthesized 
portion 45 or may extend beyond newly synthesized portion 
45 as shown in FIG. 4. Nested oligonucleotide 50 may 
optionally also include a portion 56 de?ning a restriction 
site. The ?nal portion 58 of nested oligonucleotide 50 
contains the same predetermined sequence as portion 22 of 
primer 20. From the point at which portion 55 extends 
beyond the 3' end of the beginning the newly synthesized 
complementary strand, the nested oligonucleotide serves as 
a template for further polymerization to form the engineered 
template. It should be understood that the nested oligo may 
contain part of the target sequence (if part thereof was 
truncated in forming the original template) or may include 
genes that encode a polypeptide or protein (or portion 
thereof) such as, for example, one or more CDR’s or 
Framework regions or constant regions of an antibody. It is 
also contemplated that a collection of nested oligonucle 
otides having different sequences can be employed, thereby 
providing a variety of templates which results in a library of 
diverse products. Thus, polymerization will extend the 
newly synthesized complementary strand by adding addi 
tional nucleic acid 60 that is complementary to the nested 
oligonucleotide as shown in FIG. 4. Techniques for achiev 
ing polymerization are within the purview of one skilled in 
the art. As previously noted, selecting a suitable polymerase, 
an enzyme lacking exonuclease activity may be preferred in 
certain embodiments. 
Once polymerization is complete, the engineered template 

120 is separated from the nested oligonucleotide 50 by 
techniques well known to those skilled in the art such as, for 
example, heat denaturation. The resulting engineered tem 
plate 120 contains a portion derived from the original primer 
20, portion 45 that is complementary to a portion of the 
original template, and portion 65 that is complementary to a 
portion of the nested oligonucleotide (see FIG. 5). Signi? 
cantly, the 3' end of engineered template 120 includes 
portion 68 containing a sequence that is complementary to 
the predetermined sequence of portion 22 of primer 20. This 
allows for ampli?cation of the desired sequence contained 
within engineered template 120 using a single primer having 
the same sequence as the predetermined sequence of primer 
portion 22 using techniques known to those of ordinary skill 
in the art. During single primer ampli?cation, the presence 
of a polymerase having exonuclease activity is preferred 
because such enzymes are known to provide a “proofread 
ing” function and have relatively higher processivity com 
pared to polymerases lacking exonuclease activity. 

FIG. 6 illustrates the steps involved in the single primer 
ampli?cation of the newly synthesized cDNA template. 
When the primer is present in the reaction mixture it 
hybridizes to the sequences ?anking the template and ampli 
?es the template. When there is no primer present, it is 
believed that there is internal self annealing between the 5' 
end predetermined sequence and the 3' end sequence which 
is complementary to the predetermined sequence. In a 
preferred embodiment, the predetermined sequence and 
complementary predetermined sequence may be designed to 
anneal at higher temperatures in order to avoid miss-priming 
during the single primer ampli?cation reaction. 

After ampli?cation is performed, the products may be 
detected using any of the techniques known to those skilled 
in the art. Examples of methods used to detect nucleic acids 
include, without limitation, hybridization with allele speci?c 
oligonucleotides, restriction endonuclease cleavage, single 




















































































































































































